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(71) We, The Dow Chemical Com 
paw; "Corporation aganiedSd^Sg 
under the laws of the State of Delawan? 
United States of America; of Mdfand' 

A? ^ or . i ^ me J lc a, do hereby declare 
the invention, for which we pray that a 

SZr^^ to i and the 
method by which it is to be performed tn 
be particularly described m and by™ e foL 
lowing statement:— y 

This invention pertains to a method of 
producuig metal particulate and more in 

SStUS!* to a method «" £-5 

material and used in a paint; howevefti^ 
surface of the painted article ha7ge^eV^v 
been found to have a dull, gray appeS? 
To obtain a lustrous generally m etam\^a£ 
Peanng surface on a substrafe. such "as^ 
ott 'ST*' tJ^I 0 P ,ate S usually ap! 
SS-Sn?^^ * means ° f a 

lai^itew"? t ° obtaia a meta "fc Particu- 
late suitable for. for example, a piement in 
a coating composition. Defirably thecal 
be Digment will form a metallic apDearin- 

225? v° Varie J? States by uSToH 
composition appliable by means such « 

u£ ay,n fh e bn ^ hi ? & ^ "Si S the 

particulate metal which metfod wmorises 

by P vaSr 8 deS| d M COa,, ' nS ° n a ^£ 
oy vapor, electroless or sputter deposition 

^removing 4,5 metaI coating from £2 
^f*! 1 ? by dissolving th e substrate in a 
U mickne « of the dep«i a 
ted coatmg being such that upon dissolution 



My? - a 

^uit« 

strops KctoS 8 ^ bCUpt ° 1000 ««- 

the In. known to ^ose skilled in 

The substrate may be a silicone resin. 
J tie metal flakes havn at i~„7 , 
preferably two lS*£g£ 
and an irregular periphery Th- f^S 0 " 
of such flakes is usX°L 2 e ,£}? kness 
stroms. advantageousW W,* ^ 
stroms and prefSy fronf 350 X> 
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described preferred thickness range. Pre- 
ferably the largest dimension i.e. the length 
or width, of each metal flake is from 1 to 
1200 microns. When the flakes are to be 

5 added to or admixed with plastics for, for 
example, molding or coatings, such as brush- 
able, tollable or dipable paints, the largest 
dimension is preferably from 100 to 1000 
microns. Flakes for a sprayable coating 

10 preferably have an average largest dimension 
within the range of 100 to 200 microns. At 
least one surface of such flake is character- 
ized as visually having a higher luster or 
shine. In a preferred embodiment, at least 

15 one surface of the flake has a specular or 
mirrorlike, reflective appearance. 

Generally, all metals which can be de- 
posited onto a substrate by vapor, electro- 
less or sputter deposition are suitable for 

20 use in the instant process. Examples of 
such metals are Mg, Al, Sc. Ti, V. Cr. Nto, 
Fe. Co. Ni.Cu.Zn.Ga. In. Cd, Ag. Pd. 
WL Ri Mo. Nb. Zr. Y. La, Hj. Ta. W 
Re, Os. Ir. Pt, Au. Tl and Pb. The metal 

25 deposited is preferably Mg, Al. Cu, Au. and 
Ag. Most preferably aluminium is deposi- 
ted. As a result herein the term "metal * in- 
cludes the stipulated base metal and alloys 
thereof containing greater than 50 weight 

30 per cent of the base metal. 

After deposition of the metal onto a sub- 
strate, such as an organic, metallic or other 
inorganic shape, film, or sheet, the metal 
is removed by dissolving the substrate in a 

35 solvent Suitable solvents are those which 
remove or dissolve the substrate from the 
metal coating wthout dissolving excessive 
quantities of the metal. .... 
In one embodiment of the invention, the 

40 metal coating is removed from the sub- 
strate by contacting at least a portion of 
the metal coated substrate with a solvent for 
the substrate and subjecting the solvent and 
the metal coated substrate to ultrasonic vi- 

45 bration. . 

When the metal flakes are to be applied 
to a surface as a reflective layer, additional 
solvent is generally employed to remove sub- 
stantially all of the remaining substrate from 

50 the individual metal flakes following re- 
moval of the coating from the substrate. 
The cleaned metal flakes can be, for ex- 
ample, dried and stored or introduced into 
a chemically and physically inert, i.e. non- 
55 reactive, material until it is desired to use 
the metal particulate. „ 

If desired to obtain smaller flakes, the 
flakes can be subjected to a cutting-type 
shearing force after removal of the coating 

60 metal from the substrate. Such shearing 
force can be readily applied to a slurry of 
flakes by means of, for example, the com- 
mon high-speed kitchen blender. 
The so-separated metal flakes are bene- 

65 ficially used as. for example, a pigment in 



paints, printing inks, organic plastics, auto- 
motive finishes and the like. A paint is 
herein defined as a suspension of particulate 
pigment in a vehicle with, if desired, a 
binder and/or color pigment Binders and 70 
coloring pigments are well known in the 
art The paint can be expeditiously applied 
to a surface of simple or complex configur- 
ation by means such as spraying, brushing 
dipping, rolling, and the like. After apph- 75 
cation to a surface, the paint can be air 
dried or cured by conventional means and 
polished, if desired. 

Properly formulated coating compositions 
with, for example, isopropyf alcohol as a 80 
carrier, can be applied to objects formed of 
polystyrene, acrylonitrile-butadiene-styrene 
lnterpolymers. polycarbonates and acrylic 
plastics. After conventional curing, the ad- 
herent coating will have a lustrous, metallic 85 
appearing surface. 

It has been found that from 0.1 to 10 
weight percent and preferably from 0.1 to 5 
weight percent of aluminum flake in a 
vehicle or carrier is sufficient for most pur- 90 
poses. The minimum quantity of pigment 
that is effective in producing a desired visual 
appearance of the final coating will vary 
from application to application. Conse- 
quently, the quantity and metals employed 95 
in the paint can be varied to economically 
achieve painted surfaces with differing re- 
flective qualities. For example, a 10 weight 
percent mixture aluminum flake in toluene 
or isopropanol has been found to have a 100 
paste-like consistency, whereas a 3 weight 
percent mixture is flowable. Sprayable coat- 
ing mixtures preferably contain up to one 
weight percent of the metal particulate. A 
mirrorlike secondary surface, i.e. a surface 105 
in contact with a substrate such as trans- 
parent glass, can be obtained by using as 
little as from \ to J weight percent of an 
aluminium particuate in a suitable carrier. 
Generally coatings applied by brushing or 110 
rolling require a higher viscosity than for 
spraying. This increased viscosity may be 
obtained by using a greater quantity of 
metallic particulate for example, about one 
to about four weight percent * 115 

A combination of flakes of various alloys 
and metals can also be admixed as a pig- 
ment to achieve differing surface charac- 
teristics. A surface with a shiny metallic 
finish can be achieved by using as little as 120 
one gram of metal flakes in a carrier to 
cover up to 50 square feet (4.6 square 
meters) of surface. A shiny metallic-like 
surface can be obtained when as thin a 
paint layer as 1000 angstroms thick is ap- 125 
plied to a clean substrate. Furthermore, an 
electrically conductive coating on a substrate 
can be obtained by employing sufficient pig- 
ment An aluminum flake coating com- 
position produced a reflective coating surface 1 30 
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with an electrical resistance of 200 ohms 
per square. 

It is also within the scope of this inven- 
tion to dissolve the substrate with a solvent 
suitable for use as at least a portion of the 
carrier material for the metallic pigment 
The pigment containing solvent can then 
be either added or mixed with the remainder 
of the paint constituents or used as a paint 
alone. 

The following examples are illustrative of 
the hereinbefore described method. 



EXAMPLB 1 

A sheet of polystyrene film 0.3 millimeters 
thick and weighing 1000 grams was plated 
with a 450 angstrom thick layer of alumi- 
num by conventional vapor deposition tech- 
niques, the plated film was shredded and 
then mixed in a container with 9500 grams 
of toluene. The mixture was agitated and 
in less than 30 minutes the polystyrene was 
solubilized by the toluene. The aluminum 
separated as small specular flakes which 
settled slowly into a loosely packed sedi- 
ment occupying about J of the volume in 
the container. After about 24 hours the 
clear toluene-polystyrene mixture was re- 
moved from the container by decanting. 
Any remaining toluene-polystyrene mixture 
was removed by means of a centrifuge. 

The separated aluminum flakes were 
mixed or washed with toluene to completely 
remove any polystyrene still adhering to the 
metal The yield of aluminum flake was 
3.3 grams. Each flake observed visually had 
a lustrous or reflective appearance and was 
about 450 angstroms thick. 
Sufficient toluene was admixed with about 
40 200 milligrams of the washed aluminum 
flake to provide a flowable mixture contain- 
ing 0.8 weight percent aluminum solids. 
This mixture was then mixed with iso- 
propyl alcohol and a solution of ethylcellu- 
45 lose binder and isopropyl alcohol to provide 
a coating composition with 0.4 weight per- 
cent aluminum and an aluminum to binder 
weight ratio of about 1:1. 
The so-prepared coating composition 
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was sprayed by conventional equipment onto 50 
a smooth, transparent glass surface in an 
amount sufficient to coat the equivalent of 
approximately 30 to 40 square feet (2.8 to 
3.7 sq. meters) of glass surface with one 
gram of aluminum flake. The exposed alu- 55 
minum coating composition surface had a 
lustrous, generally metallic appearing sur- 
face; however, the coating composition sur- 
face in physical contact with the gla^ Q r 
secondary surface, bad an even greater re- 60 
flee tan cc or mirrorlike surface than the ex- 
posed coating surface. When a light with 
a 5500 angstrom wavelength and a 45 degree 
angle of incidence was employed, the re- 
flectance of the secondary surface was 72 65 
percent 

Example 2 

Aluminum flakes were prepared substan- 
tially as described in Example 1 and formed 70 
into a coating composition containing by 
weight 0.4 percent aluminum flake. 0.4 per- 
cent ethylceHulose. 80 percent isopropyl 
alcohol and 19.2 percent xylene. The coat- 
ing composition was sprayed onto a £ inch 75 
(0.635 centimeter) thick plate glass substrate 
using an aerosol-type applicator to form an 
adherent, reflective coating. 

As a comparison, a similar i inch (0 635 
centimeter) thick plate glass substrate was 80 
spray coated, from an aerosol container, with 
a commercially available aluminum paint 
The paint contained 3.3 percent aluminum 
paste. 9.7 percent processed fish oil and 
phenolic resin, 50 percent dichlorodifluoro- 85 
methane and 37 percent xylene. 

After air drying, the reflectance of both 
the aluminium flake containing surface and 
the comparative aluminum painted surface 
were compared using visible fight and a com- 90 
mercially available Gardner gloss meter. In 
each reflectance test the meter was standard- 
ized to indicate 100 percent for the alumi- 
num flake containing surface. As shown in 
the following table, the results of the above 95 
tests illustrate the superior reflectance ob- 
tainable with the aluminum flake containing 
composition of the present invention. 

Percent Reflectance 



Surface 



Al Flake 
Containing Coating 



Comparative 
Al Paint 



105 



110 



20 

2a 

45 



p rimar y 1 

secondary 2 
primary 



100 
100 
100 



4 

15 
27 



Primary indicates the aluminum containing surface directly exposed to 
the atmosphere and the test light 

Secondary indicates the aluminum containing surface in physical con- 
tact with the glass. The light passed through the glass before being 
reflected from the secondary surface. 
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Example 3 . 

Aluminum flakes were formed by dis- 
solving a TRYCITE (Trycite is a registered 
Trade Mark) plastic film substrate having a 
5 vacuum deposited aluminum coating thereon 
in a toluene solvent. The resulting mixture 
was pumped into a centrifuge to remove the 
liquid phase from the solid aluminum. The 
solid aluminum flakes were contacted with 

10 toluene to remove substantially all of the 
remaining substrate composition. The 
majority of flakes were determined to have 
a largest dimension of 300 to 400 microns 
with a minority having a largest dimension 

15 U p to 1000 microns, 

100 Grams of a slurry of the flakes in 
toluene (1.056 weight percent aluminum) 
was admixed with 31.7 grams of diethyl- 
benzene, 48.7 grams of toluene and 30.6 

20 grams of a solution of 30 milligrams/milli- 
liter (rag/mi) of an ethylcellulose resin in 
toluene. This mixture was subjected to the 
sharp, rotating blade, of a standard kitchen 
blender for two minutes. The resulting mix- 

25 ture contained aluminum flakes of a reduced 
size. The majority of the flakes had a 
largest dimension of 100 microns with a 
minority being within a range of 10 to 20 
microns. . , 

30 The final aluminum Make containing 
mixture is suitable for use as a coating com- 
position. 

Example 4 

35 A paint containing 0.41 weight percent 
of about 350 angstrom thick aluminum flake 
was prepared by admixing together 50 
cubic centimeters (cc) of toluene containing 
310 milligrams (mg) of aluminum flake pre- 

40 pared in accord with present invention, 20 
cc of toluene and 16 cc of a solution of a 
100 centipoise ethylcellulose resin and tolu- 
ene wherein the resin concentration in the 
toluene solution was 20 mg/ml of toluene. 

45 The aluminum in the paint was then sub- 
jected to a cutting shear-type force to re- 
duce the flake size by means of a kitchen 
blender. 

The paint was sprayed onto an exterior 
50 surface of commercially available 25. 100 
and 500 watt light bulbs. An adherent coat- 
ing with a highly reflective secondary surface 
was obtained. The coatings on the light 
bulbs were use tested by alternately lighting 
55 and deenergizing the light bulbs for 15 
minute periods. The coating on the 500 
watt bulb began to blister after a test period 
of 24 hours, whereas, the coatings applied 
to the 25 and 100 watt bulbs remained in 
60 a satisfactory, undamaged condition after 
being tested for 10 days. 

Example 5 
450 Angstrom thick flakes were produced 
65 in accord with the present invention from a 



substrate with a vapor deposited aluminum 
layer thereon. A sufficient amount of a 
toluene-li weight percent aluminum flake 
slurry was added to lacquers colored green, 
blue and brown (DuPont lacquer Nos. 5171, 70 
5327 and 5425 respectively) to provide a 
flake concentration of about 0.25 grams of 
aluminum flake per gallon of final lacquer 
(gmAl/gal.) (0.066 grams/liter). Flake con- 
centrations of about 0.5 gmAl/gal (0.132 75 
grams Al/liter) of green and brown and 
about 1 gmAl/gal (0264 grams Al/liter) of 
blue lacquer were also mixed. 

Each of the aluminum containing lacquers 
was sprayed onto a primed 3 inch by 9 inch 80 
(7.62 centimeters by 22.82 centimeters) steel 
sheet and air dried. The sprayed and dried 
surfaces were compared to similar sheets 
sprayed with the same lacquer not having 
the aluminum flake added thereto. The 85 
aluminum flake containing green and brown 
coated surfaces had very good and the blue 
surfaces fair visual appearances with a 
greater metallic luster than the non-flake 
containing coated surfaces. An adherent 90 
flake containing coating, suitable for an 
automobile surface finsh resulted in each 
test specimen. 

Example 6 95 

Magnesium, gold and silver were deposi- 
ted by vacuum methods onto separate sili- 
cone resin type release agent coatings on 
MYLAR ("Mylar" is a registered Trade 
Mark) plastic films. The release agents were 100 
individually dissolved in toluene to form 
Mg. Au and Ag platelets and solid Mylar 
plastic film. The platelets were readily sep- 
arated from the solid plastic film. The 
largest platelet dimesion of the Mg ranged 105 
from 200 to 3000 microns. The size range 
of the Au ranged from 50 to 600 microns. 
The Ag platelets had a largest dimension 
of from 400 to 5000 microns with the 
majority being within the range of 1000 to 110 
2400 microns. 

Example 7 

Copper platelets with the largest dimen- 
sion being within the range of 40 to 3000 115 
microns and the majority within the range of 
200 to 2000 microns were formed by vacuum 
depositing copper on Trycite plastic film and 
then dissolving the plastic film in toluene. 

120 

Example 8 

In this experiment MYLAR ("Mylar" is 
a registered Trade Mark) plastic film is used 
as backing material. The film was coated 
with a silicone resin type release agent and 125 
then with a lacquer overcoating. An alumi- 
num coating was vapor deposited on the 
lacquer surface. The coated film as des- 
cribed was immersed in a container of tolu- 
ene. An ultrasonic probe was placed in the 130 
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toluene and activated for a period of about 
one minute. The ultrasonic vibration was 
provided by commercially available 150 watt 
equipment generating 25 kilohertz at full 

5 power by means of a magneto- strictive trans- 
ducer. After about one minute of exposure 
to the ultrasonic-toluene environment at 
room temperature, a majority of the alumi- 
num coating on the lacquer surface had been 

10 removed and was observed as a multiplicity 
of finely divided, platelet type particles 
sparkling with tohiene. 

Example 9 

15 Aluminum platelets were formed in accord 
with the present invention by immersing in 
toluene a one mil thick polystyrene film 
which had been vacuum coated with alumi- 
num on two surfaces. Shiny aluminum plate- 

20 lets were released as the polystyrene dis- 
solved 

WHAT WE CLAIM IS:— 

25 1. A method for the preparation of par- 
ticulate metal which method comprises de- 
positing a metal coating on a substrate by 
vapor, electroless or sputter deposition and 
removing the metal coating from the sub- 

30 strate by dissolving the substrate in a 
solvent therefor, the thickness of die de- 
posited coating being such that upon dis- 
solution of the substrate the metal is re- 
leased as a plurality of metal particles. 

35 2. A method as claimed in claim 1 
wherein the metal particles are separate 
irregularly shaped platelets. 
"3. A method as claimed in claim 2 
wherein the metal is deposited by vapor 

40 deposition. 

4. A method as claimed in claim 2 
wherein the metal is deposited by electro- 
less deposition. 

5. A method as claimed in claim 3 or 
45 claim 4 wherein the substrate is a film. 

6. A method as claimed in any one of 
claims 3 to 5 wherein each metal platelet 
is up to 1000 angstroms in thickness. 

7. A method as claimed in any one of 
50 claims 3 to 5 wherein each metal platelet 

has a thickness of from 200 to 1000 ang- 
stroms. 

8. A method as claimed in any one of 
claims 1 to 5 wherein each metal platelet 

55 has a thickness of from 350 to 600 ang- 
stroms. 

9. A method as claimed in any one of 
claims 2 to 8 wherein the largest dimension 
of each metal platelet is from 1 to 5000 

60 microns. 

10. A method as claimed in any one of 
claims 2 to 8 wherein the largest dimension 
of each metal platelet is from 1 to 1200 
microns. 

65 11. A method as claimed in any one of 



claims 2 to 8 wherein the largest dimension 
of each metal platelet is from 100 to 1000 
microns. 

12. A method as claimed in any one of 
claims 2 to 11 wherein the metal coating is 70 
up to 1000 angstroms in thickness. 

13. A method as claimed in any one of 
claims 8 to 12 wherein the metal is Mg. AL 
Ni, Ok Zn. Pd. Ag, Cd, Pt. Au or Pb. 

14. A method as claimed in any one of 75 
claims 8 to 12 wherein the metal is alumi- 



15. A method as claimed in any one of 
claims 2 to 7 wherein the metal is AL Ni, 
Cu. Zn, Pd, Ag, Cd, Pt, An or Pb. 80 

16. A method as claimed in any one of 
claims 2 to 7 wherein the metal is alumi- 



17. A method as claimed in any one of 
claims 8 to 14 wherein the substrate is a 85 
release layer interposed between the metal 
coating and a layer of material which is in- 
soluble in the solvent for the substrate. 

18. A method as claimed in any one of 
claims 8 to 14 and 17 wherein the substrate 90 
is a silicone resin. 

19. A method as claimed in any one of 
claims 1 to 5 wherein the metal coating is 
removed from the substrate by contacting 

at least a portion of the metal coated sub- 95 
strate and subjecting the solvent and the 
metal coated substrate to ultrasonic vibra- 
tion. 

20. A method as claimed in claim 19 
wherein the substrate is a release layer inter- 100 
posed between the metal coating and a layer 

of material which is insoluble in the solvent 
for the substrate. 

21. A method as claimed in claim 20 
wherein the release layer is a silicone resin 105 
layer. 

22. A method as claimed in any one of 
claims 19 to 21 wherein the metal is Mg. 
At Ni. Cu. Zn. Pd. Ag, Cd, Pt. Au. or Pb. 

23. A method as claimed in any one of 110 
claims 19 to 21 wherein the metal is alumi- 
nium. 

24. A method for the preparation of 
particulate metal substantiaUy as herein- 
before described in Example 8. 115 

25. A method for the preparation of 
particulate metal substantially as herein- 
before described in any one of Examples 
3 to 7 and 9. 

26. A method for the preparation of 120 
particulate metal substantially as herein- 
before described in Example 1 or Example 

27. Particulate metal whenever prepared 

by a method as claimed in any one of claims 125 
3 to 7. 15. 16 and 26. 

28. Particulate metal whenever prepared 
by a method as claimed in any one of claims 
1. 2, 8 to 14. 17, 18 and 26. 

29. Particulate metal whenever prepared 130 
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by a method as claimed in any one of claims 
19 to 24. 

30. A coating composition comprising 
particulate metal as claimed in clajm 27 

5 and a carrier for the particulate metal. 

31. A coating composition comprising 
particulate metal as claimed in claim 28 and 
a carrier for the particulate metaL 

31 A coating composition as claimed 
10 in claim 31 wherein the particulate metal is 
present in an amount of from 0,1 to 10 
weight percent based on the weight of the 
composition. 

33. A coating composition as claimed 
15 in claim 31 wherein the particulate metal is 

present in an amount of from 0.1 to 5 weight 
percent based on the weight of the com- 
position. 

34. A coating composition comprising 
'20 particulate metal as claimed in claim 29 

and a carrier for the particulate metal 

35. A coating composition as claimed in 
claim 30 substantially as hereinbefore des- 
cribed in Example 1 or Example 2. 

25 36. A coating composition as claimed in 
claim 31 substantially as hereinbefore des- 
cribed in any one of Examples 3 to 7 and 9. 



37. A coating composition as claimed in 
claim 34 substantially as hereinbefore des- 
cribed in Example 8. 30 

38. A method of coating an article which 
method comprises coating the article with 
a composition as claimed in claim 30 or 
claim 35. 

39. A method of coating an article which 35 
method comprises coating the article with* a 
composition as claimed in any one of claims 

31 to 33 and 36. 

40. A method of coating an article which 
method comprises coating the article with 40 
a composition as claimed in claim 34 or 
claim 37. 

41. An article whenever prepared by a 
method as claimed in claim 38. 

42. An article whenever prepared by a 45 
method as claimed in claim 39. 

43. An article whenever prepared by a 
method as claimed in claim 40. 

BOULT. WADE & TENNANT. 
Chartered Patent Agents, 
34 Cursitor Street. 
London. EG4A IPQ. 
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